for the uptake of valine and glycylvaline. Both systemiis were energy-dependent and readily saturated. The synthesis, purification, and chroiiatographic identification of glycyl-Di.-valine-I-C14 is described.
Certain dipeptides promote the growth rate of nutritionally fastidious bacteria, such as Leuconostoc mesenteroides, more riapidly and to a greater extent than do comparable concentrations of their component essential amino acids. The effect is most prominent when the organism is in the exponential growth phase and when the concentration of the amino acid and peptide being compared is low enough to be growth-rate limiting.
Indeed, the lag phase normally observed when the medium contains amino acids is much greater than when the growth-limiting amino acid is l)ro-West Virginia University Medical Center, Morgantown. 3 Present address: Chemical Abstracts, Columbus, Ohio. vided as a peptide. To account for this effect, O'lBarr, Lev-in, and Reynolds (1958) suggested that amino acids and peptides enter into the metabolism of L. mesenteroides strain P-60 by diver-gent pathways. Bly growtth data, they showed that a number of amino acid antagonisms exist, in the organism. W'here this antagonism occuited, peptides containing one of the antagonistic amino acids w0erle more effective than was the free amino acid in restoring the growth response.
Earlier reports by Simmonds and Fruton (1949) ; Klungsoyr, Sirny, and Elvehjem (1951) ; Kodicek and AMistry (1952) ; Kihara, M\IcCul-lough, and Snell (1952b) ; Snell (1952, 1955) ; Kihara, Klatt, and Snell (1952a) ; AMiller and Waelsch (1952) ; Hirsch and Cohen (1953) ; Peters, Prescott, and Snell (1953) ; I'rescott, Peters, and Snell (1953) ; Peters and Snell (1954) ; Meinhart and Simmonds (1955) ; MIiller, Neidle, and W'aelsch (1955) ; Nutterl and Shelton (1956) ; and the subsequent reports by Levine and Simmonds (1960) and Leach and Snell (1960) showed the effect of l)eptides on the amino acid nutrition of many different organisms. The conditions whereby peptides appear to exhibit their growthpromoting piroperties wrere summarized by Leach and Snell (1960) . Furthermore, these authors presented additional results shoNwing that Lactobacillus casei used independent mechanisms for the accumulation of glycine, alanine, and their peptides. Kessel and Lubin (1963) Preparation of cells and medium for growth inhibition studies. L. mesenteroides P-60 (ATCC 8042) was maintained on a medium composed of 1% glucose, 1% yeast extract, 1% hydrated sodium acetate, and 1.5% agar. Twice monthly, new cultures were established by transferring organisms from refrigerated stab cultures to nutrient broth (above medium minus the agar). The inoculated broth was incubated for 24 hr at 37 C to obtain actively growing cells. New stab cultures were made, and were incubated for 24 hr and stored at 4 C. These actively growing cells from the nutrient broth culture were centrifuged, washed with 0.9% saline, and resuspended in the saline to an absorbancy of 0.15 (620 m,u) . This cellular suspension served as the inoculum for the growth studies. One drop of this suspension dispensed from a syringe fitted with a blunt, 20-gauge needle provided a uniform quantity of cells for each tube used in these studies.
The growth studies were set up to show the comparative effects of DL-valine and glycyl-DLvaline in providing a source of valine for growth of L. mesenteroides on an otherwise complete medium. Secondly, these studies were to show the effect of certain other peptides and amino acids on the utilization of the above compounds for support of growth of this organism. The basal medium was that developed by Henderson and Snell (1948) , except pyridoxine was used instead of pyridoxal and valine was omitted. Valine, an essential amino acid for L. mesenteroides, was added as DL-valine or as the peptide, glycyl-DLvaline, at suboptimal concentration (3.4 X 10-5 M) or at an appropriate concentration as noted later. Pyrex tubes (15 by 150 mm), previously selected for optical uniformity by the method of Moore and Stein (1948) , served as culture tubes. The supplemental substrates were added to 5 ml of double-strength medium, and the final volume was adjusted to 10 ml with distilled water. To avoid excessive browning, the medium was autoclaved (120 C) for 10 min, allowed to stand at room temperature for 12 hr, and autoclaved again for 5 min.
Growth of the organism as afforded by the medium as supplemented was measured turbidimetrically with a Bausch & Lomb Spectronic-20 colorimeter at 620 mA. Uninoculated control tubes served to adjust the instrument to zero absorbance. Three replications were used for each concentration of substrate.
Preparation of resting cells for cellular accumulation studies. Nine liters of medium [1% glucose, 0.5% hydrated sodium acetate, 0.5% yeast extract, 0.25% peptone (Difco), and 0.25% enzymatically hydrolyzed casein] were inoculated with 200 ml of a 10-hr culture grown on the above medium. The 200-ml inoculum had previously been inoculated with 10 ml of a broth culture (24 hr) prepared similarly to those used for the growth studies. The cells in these 9 liters of medium were grown for 10 hr at 37 C and were harvested with a Sharples centrifuge. After harvest, the cells were washed by resuspension in 0.067 M phosphate buffer (pH 6.8), and were passed through a fritted-glass crucible with suction to insure homogenous suspension. This washing procedure was repeated; 8 to 9 g of wet cells were obtained in this manner. The cells were used in the studies immediately after harvesting. Cell weights are expressed as dry weights.
Measurement of substrate uptake was made on the cellular fluid obtained according to the following procedure. Incubation tubes were 50-ml, standard polypropylene centrifuge tubes. Each tube was prepared to contain 30 ml of 0.067 M phosphate buffer (pH 6.8), 1 % glucose, the amino acid and peptide substrates, and approximately 100 mg of cells (exact amount determined at end of incubation). The contents of each tube were gently stirred every 4 min. After incubation at 37 C for 20 min, the tubes were centrifuged at 8,170 X g for 10 min. The supernatant fluid was removed and the cells were resuspended in 3 ml of distilled water. These cells were ruptured by boiling for 10 min according to the method of Gale (1947) . While still hot, the tubes were centrifuged as above. The supernatant fluid (2 or 3 ml) was removed and was designated the "cellular fluid." The wet residue, termed "cellular debris," was dried by vacuum desiccation to constant weight.
The amount of bacterial cells in each incubation tube was calculated from the dried cellular debris. Previously, the relationship between whole cells and the cellular debris had to be determined. Equal quantities of the homogenous cellular suspension were dispensed into eight tubes of the incubation medium minus the substrates. Except for the absence of amino acid and peptide sub-UPTAKE OF VALINE AND GLYCYLVALINE strates, the incubation conditions were identical to those described above for measurement of substrate uptake. After the 20-min incubation, the cells were spun down, and those from four tubes were dried to constant weight. The cells in the other four tubes were ruptured by boiling, and the dried cellular debris was obtained as above. Relationship based on dry weights and nitrogen determinations was established on the dried whole cells and the dried cellular debris.
The amount of valine accumulated by the cells was determined by chromatographing the cellular fluids, eluting the valine, and counting the radioactivity. Descending paper chromatography with the use of Whatman no. 1 filter paper and propanol-water (7:3, w/w) at 30 C for 24 hr was the system used. The elution of the valine from the chromatogram was done by the procedure described by Roberts et al. (1955) .
Radioactivity measurements were made with the use of a thin-window, gas-flow counter. The efficiency of counting was approximately 10%. Material to be analyzed was pipetted carefully into stainless-steel planchets so as to prevent the sample from flowing upon the edge of the planchets. Samples were prepared in triplicate and were counted for 5 min. Control sources of DL-valine-1-C'4 and glycyl-DL-valine-1CH4 were counted each time a series of samples was being analyzed. Under conditions employed, no correction for self-absorption was found necessary.
Amino acids and peptides. All amino acids (except DL-valine-1-C04) and the nonradioactive peptides were obtained from Nutritional Biochemicals Corp., Cleveland, Ohio. In each case, paper chromatographic analysis showed the presence of a single ninhydrin-positive spot. DL-Valine-1-C04 (specific activity, 1.76 mc/mmole) was obtained from New England Nuclear Corp., Boston, Mass., and was found to give a single radioactive and ninhydrin-positive spot after chromatography on paper.
Synthesis of glycyl-DL-valine-1-C'4. The haloacetylhalide method of Fischer and Scheibler (1908) was used as a guide for the synthesis; 100 ,uc of DL-valine-1-C14 (6 7 mg) were mixed with 10 g of DL-valine, dissolved in 54 ml of boiling distilled water, and then recrystallized from 1 liter of absolute alcohol. Total recovery was 9.1 g. a-Chloroacetyl-DL-valine-l-Cl4 was prepared as follows. A 7-g portion of the recrystallized DLvaline-1-C14 (as prepared above) was dissolved in 30 ml of 2 N NaOH and placed in an ice bath. With constant magnetic stirring, 9 ml of chloroacetylchloride and 66.6 ml of 2 N NaOH were added alternately, each in five equal portions over a period of 30 min; 15.4 ml of 5 N HCl were added, and the reaction mixture was retained in the ice bath for crystallization. After recrystallization from water, 7 g of the derivative, which had a melting point of 128 to 129 C, were recovered.
By magnetic stirring, the a-chloroacetyl-DLvaline-1-C'4 (6.5 g) was reacted with 130 ml of 27% aqueous ammonia at 28 C for 24 hr. Under reduced pressure, the product was brought to dryness, thus removing any excess ammonia. The residue was dissolved in a minimum of hot water (10 ml), and the glycyl-DL-valine-1-C14 was precipitated overnight with 500 ml of absolute alcohol at 20 C. Again, the peptide was dissolved (9 ml of hot water); activated charcoal was added and the mixture was filtered while warm; 300 ml of absolute alcohol were added to the filtrate, and recrystallization occurred at refrigerator temperature during the next 6 hr. After extensive desiccation over sulfuric acid, a yield of 2.9 g or 28% of theory, based on the amount of valine, was obtained.
The product was found to be chromatographically pure in two solvent systems, and was not distinguishable from chromatographically pure glycyl-DL-valine. The solvent systems used were n-propanol-water (7:3, w/w) and n-butanolacetic acid-water (450:50:125, v/v) in a descending, unidimensional assembly with Whatman no. 1 filter paper.
RESULTS
Growth experiments. Glycyl-DL-valine was very effective in supplying the valine nutritional needs of L. mesenteroides. At suboptimal concentrations of glycylvaline in an otherwise complete growth medium, the effect of other peptides or related compounds on the availability of the valine for growth of the organism could be determined. The addition of glycine, glycylglycylglycine, acetyl-DL-valine, or ammonium chloride in a ran(gre of concentrations from 2 X 10-3 to 10 X 10-3 M did not affect the growth (Fig. 1, curve A) . The presence of glycylglycine, glycyl-DL-serine, and glycyl-L-leucine or DL-alanyl-DL-phenylalanine in from the medium (Tables 1 and 2 ). The results shown (Table 1) (Table 3 ). In the absence of added glucose, a low level of uptake occurred which probably resulted from some endogenous sources of oxidizable substances in the (cells. Dinit,rophenol (5.4 X 10-Al) inhibited uptake also (Table 3) . These results emphasized that the uptake mechanism for either source of v-aline is an energy-dependent l)loeess for this organism.
To assure that the aceumulating systes were saturated and that the measured uptake was independent of substrate concentration, the concentration of substrate to achieve this groal was determined (Fig. 2) . In subsequent experiments, the concentration of either valine substrate used was 1.43 X 10-2 AI, which was higher than the saturating concentration.
Uptake was measured at time intervals up to 60 min (Fig. 3) . U-nder conditions used in these experiments, accumulation from each substrate reached the maximum within approximately 20 min, and subsequent observations wer-e made at the 20-min incubation l)eriod.
Influence of the sinrultaneous presence of other substrates on the uptake of vamine-i_-C'. A sensitive method to study the relationshil) of the various accumulating systems in L. mtiesenteroides was to follow the effect of unlabeled substrates on the uptake of valine-1-C'4. Unlabeled glyCy1-DLvaline did not inhibit the uptake of free valine (Table 4 ). This result showed that the uptake system for free valine is different and independent of that system for the valine peptide. The rate of uptake as well as the total uptake were much greater for valine supplied as glycyl-DL-valine-1-C'4 than as free DL-valne-l-C"4 (Fig.  3) . These observations explain, in part if not completely, the superior growth response afforded by the valine peptide for the organism maintained under growing conditions. When the organism was incubated with labeled DL-valine and labeled glycyl-DL-valine, the total uptake of valine-1-C'4 was the same as that found when only glycyl-DLvaline-1-C"4 was present. If unlabeled rather than labeled DL-valine was present with the glycyl-DLvaline-1-C'4, the uptake of valine-1-C'4 was reduced substantially and by an amount equivalent to the uptake of free valine-1-C14. Just why the uptake supported by the peptide, glycyl-DLvaline-1-C'4, was the same as that observed from DL-valine-1-C"4 plus glycyl-DL-valine-1_Cu4 was puzzling when first observed. Then, it was recognized that, after the uptake of glycyl-DL-valine-1-C"4 by the cells, free glycine and valine-l-C"4
were being released within the cell. Since these cells were nongrowing and unable to utilize these amino acids in the absence of other essential amino acids and apparently could not retain such high concentrations, both glycine and valine-l-C"4
were released into the extracellular fluid or medium (Fig. 4) . The valine-1-C"4 so released an exchange occurred between the intracellular alanine and the extracellular alanine. Perhaps in this study, the radioactive intracellular valine-1-C'4 available after intracellular hydrolysis could exchange with the unlabeled extracellular valine, and the apparent uptake of labeled valine would be less than that observed in the absence of the unlabeled valine. In any case, the valine accumulation from the peptide proceeded to a higher level than was possible with an equivalent concentration of free valine. UJptake versus time was studied over a 2-hr period. 'lThe results differed only during the first 60 min (Fig. 3) . The treatments containing the glyCyl-DL-valine-1_-C4 reached maximal uptake slightly earlier than did the one containing valine-1-C'4 alone. With the valine-1-C'4, the cells attained their maximal uptake, and maintained this level during equilibrium over the period of study. On the other hand, the glycyl-DL-valine-1-C'4 supported a much higher maximal uptake, but apparently the cells were unable to maintain such high intracellular concentrations of valine-1-C14 from this source. Thus, at equilibrium, the concentration of intracellular valine-1-C'4 was no different than that supported by the uptake of valine-1-C'4. Either the uptake of the p)eltide declined or the cells were losing labeled valine more rapidly than they could accumulate it. If, however, the cells continued to absorb the p)eptide, hydrolyze it, and counter-transl)ort the free amino acids to the medium, equilibrium of uptake no different than that for valine-1-C14 would be achieved. The pH of the medium was follow-ed, and no measurable change was observed for the first 30 min. Thereafter, a slight reduction in lpH from 6.8 to 6.6 was observed by the end of the 2-hr period. Results similar to these would be expected if the organism secreted extracellular peptidases, but Nutter (1956) showed that dipeptidases were not secreted under the conditions employed. Care was exercised to insure against cell lysis and liberation of intracellular peptidases. Since leucine is known to antagonize the utilization of valine (Brickson et al., 1948) , some insight into the mechanisms involved might be obtained through its use as a substrate in the presence of the free and peptide form of valine (Table 5) . ubeucine was an effective inhibitor of the uptake system for DL-valine-1-C"4 (Fig. 5) . When uleucine was added simultaneously with glycyl-DL-valine-1-C"4, the same amount (207 m,umoles) of valine-1-C" was absorbed as when DL-valine was incubated with the labeled valine peptide (Table 4) . Thus, leucine was effective in blocking the uptake of approximately 170 m,umoles of valine-1-CI4, which is the same amount that unlabeled DL-valine blocked when it was present simultaneously with glycyl-DLvaline-1-C'4. This finding suggested that perhaps these free, structurally similar amino acids (valine and leucine) were absorbed by the same uptake system, which was different from the one for valine when supplied in peptide form.
Glycyl-L-leucine inhibited the uptake of valine-J-C"4, but to a greater degree if the valine was supplied as glycyl-DL-valine than as free DL-valine (Table 5 ). This suggests two explanations: (i) that some of the glycyl-ileucine was being hydrolyzed and the free leucine then was competing with the valine for uptake; and (ii) that the glycyl-L-leucine competed strongly for the uptake system which accumulated glycyl-DL-valine.
The above results show that independent uptake systems are present in L. mesenteroides for the uptake of valine, one specific for valine and another one specific for valine dipeptides. With the independent systems, the amount of radioactive valine accumulated when both substrates when only the individual substrates were present. If a common uptake system was involved, then the simultaneous presence of both substrates should have substantially reduced the uptake possible from either substrate. A common system of uptake wvas shown for valine and leucine.
DISCUSSION
The finding that glycyl-DL-valine promoted the growth of L. nmesenteroides more rapidly and to a greater extent than did comparable concentrations of its component amino acids can be explained by the difference in the relative uptake and intracellular utilization of the peptide vs. the amino acids. Where the medium is otherwise complete except for valine, growth of the organismn was obtained by the addition of glycyl-DL-valine, which enabled the cells to accumulate valine without the competition from other free amino acids for the same uptake system. Certain other dipeptides added to the medium simultaneously with glycyl-DL-valine inhibited growth and appeared to inhibit competitively the uptake of glycyl-D)L-valine, illustrating that a common transport system was employed for the uptake of these peptides.
Under conditions of this study, the growth response of the organism was affected quite differently by glycine, glycylglycine, and glycylglycylglycine. It was found that neither glycine nor glycylglycylglycine inhibited growth in the presence of glyCyl-DL-valine but that glycylglycine did. Cole (1954) showed that glycylglycine was an excellent source but that glycylglycylglycine was a poor source of glycine for this organism. The logical explanation was that the organism could not meet its glycine needs with glycylgly-cylglycine but could with glycylglycine. Berger, Johnson, and Peterson (1938) found that ruptured cells of this organism showed high tripeltidase activity; apparently glycylglycylglycine was unable to gain entry into the cell to furnish a source of glycine. On this assumption, glycylglycylglycine would not have competed with olvcvl-CDL-valine for a common uptake system, and no antagonism would have occurred. On the othei hand, glycylglycine was inhibitory to glyylxvaline utilization and was competing for a commnon transport system for uptake. In a similar manner, the other peptides, glycyl-DLserine, glycyl-L-leucine, and DL-alanyl-DL-phenylalanine, inhibited growth of the organism. Acetyl-D)L-valine caused no antagonism because it did not compete for a common uptake system. Apparently, the free amino group of the glycyl residue is necessary, and is concerned Nvith the specificity of the transport system. All attempts to detect the accumulated pJeptide in the cellular fluid of the organism have been unsuccessful (Nutter, 1956;  Leach and Snell, 1960) . At this time, it is not clear whether (i) the peptide, per se, is transported through the cell mcmbrane and rapidly hydrolyzed by the intracellular dipeptidase; or (ii) concomitant peptide hydrolysis occurred during the transport event by the cell. Kessel and Lubin (1963) showed with mutant strains of E. coli that active transl)ort of peptides and petidase activity are separate functions of that bacterial cell.
By studying the uptake systems through the use of r adioactive v aline and glycyl-DL-valine with their unlabeled counterpart in cellular suspensions of L. mesenteroides, different uptake systems, one for valine and another for glycylvaline, were shown. Both systems were energy-dependent. Additional, but unpublished, data show that both L-and D-valine aie accumulated by L. mesenteroides. Leach and Snell (1960) showed that Lactobacillus casei has three different systems, one specific for glycine, another one with equal affinity for D-or L-alanine, and a third for the peptide form such as glycyl-L-alanine or ialanylglycine.
